Introuction
Sabmha (Eupatorium adenophorum SPRE-NG.) is a broadleaf and perennial weed found on the highlands of Northern Thailand. It is a serious weed in Northern India, Southeast Asia, East Australia, the Pacific islands and California, USA3,7)
Control of E. adenophorum by conventional mechanical methods is neither economically nor physically feasible on steep mountainsides. Furthermore, it can resprout following cutting or any other physical disturbance. At present at appropriate application times a large quantity of an herbicide must be applied to control E. adenophorum3). An effective and economical method of chemical control is therefore needed.
Picloram (4-amino-3,5,6-trichloropicolicinic acid), a hormone type herbicide, moves inside the plants5,9) and is applied to control broadleaf weeds and woody plants2). Picloram might provide control of E. adenopho rum, if means of application could be improved to increase its herbicidal activity. Increased activity might also permit use of a lower rate of the chemical which would be both enviornmentally and economically desirable. Ammonium sulfate, an inorganic salt used as an adjuvant, has markedly increased the activity of picloram in guava (Psidium guajava L.), strawberry guava (Psidium cattleianum SABINE) and dwarf beans (Phaseolus vulgaris L.)10); 2,4-D[(2,4-dichlorophenoxy) acetic acid) ] was also reported to increase this herbicide's activity8).
The objective of this study was to strengthen the control of E, adenophorum using ammonium sulfate and 2,4-D to enhance picloram activity. Another objective was to examine the effect of ammonium sulfate on the absorption of picloram and the effect of 2,4-D on the absorption, translocation and metabolism in order to understand the mode of enhancement of the herbicidal activity.
Materials and Methods
Effect of 2,4-D and ammonium sulfate on picloram activity The experiments were conducted in a greenhouse at the Department of Agronomy, Kasetsart University, Bangkok. The average temperature throughout the experiments was 31C. Cuttings (5cm long) of E. adenophorum were transplanted into 25cm diam. by 20cm high plastic bags. The bags contained soil composed of clay loam, sand and green manure at a ratio of 2:1:1. Herbicides were applied when the plants were 20 to 25 cm high. Experiments were layed out in a randomized complete block design and 3 replications were made. Herbicides were applied by a motor driven knapsack sprayer with nozzle tip delivering a 525l/ha spray volume. Visual weed control evaluations were made at appropriate times after herbicide application.
At harvesting the plants were cut and oven dried at 60t for 3 days to determine their dry weight.
Effect of 2,4-D and ammonium Sulfate on absorption, translocation, and metabolism of picloram Experiments were conducted in the same greenhouse and laboratory used in the piclo--43-ram activity study; the average temperature throughout experiments was 30.5C. Semisoftwood cuttings of E. adenophornm, 5cm long with 2 buds, were prepared and individually transplanted into 300ml polyethylene cups containing sand. Plants were subirrigated with Hoagland solution every 2 days, and when 20 to 25cm tall were used in the study of absorption, translocation, and metabolism of 14C-picloram. 14C-picloram with a specific activity of 10mCi/mmol, labeled on positions 2 and 6 in the ring, was used in these studies. Before treating with the labelled compound an entire plant was sprayed with picloram alone or in combination with 2,4-D or ammonium sulfate at the volume of 3061/ha using a flat fan nozzle tip No. 8004. Picloram and 2,4-D were applied with 0.25% (v/v) surfactant (polyoxyethylene thioether). The experiments were designed as a randomized complete block with 3 replications using 2 plants per experimental unit, except for the autoradiography experiment in which only 2 replications were made.
For the absorption study, immediately after picloram, picloram+2,4-D, and picloram+ ammonium sulfate were applied, a 5ul drop of 14C-picloram with a total radioactivity of 0.1uCi was applied to the middle leaf of each plant to determine herbicide absorption.
Each 14C-picloram treated leaf was rinsed with 20.0ml of 50% ethanol at 3, 6, 12, 12, 24 and 48hr after the application. Solvents were collected and the radioactivity they contained was determined by a liquid scintillation spectrophotometer (LSS). Plants were harvested and roots were rinsed. The whole plants were dried in the oven at 60C for 3 days and then were ground, combusted by an oxidizer, and radioactivity was determined by LSS as above.
For the translocation study, 14C-picloram was applied to plant leaves as described in the absorption study. At 1, 5 and 10 days after the labelled compound was applied, the applied leaf of each plant was rinsed with 20 ml of 50% ethanol and the plants were harvested to determine the translocation of 14C-picloram by autoradiography.
Other plants were excised into 4 different parts, i.e., treated leaf, the plant part above and that below the treated leaf, and roots. All plant parts were put in a freeze drier for 2 days, then weighed and ground. Plant materials were extracted 2 times with 95% ethanol and filtered through Whatman No. 1 filter paper. The filtrate was collected and the insoluble portion of 14C in plant tissues was combusted and the radioactivity determined as above.
For the metabolism study, a portion of the filtrate from the translocation study was utilized to study the metabolism of 14C-picloram by thin layer chromatography (TLC). The TLC plates were coated with 0.25mm silica gel. The solvent for developing was Nbutanol, ethanol (95%) and water at a ratio of 3:1:1.
After developing, 14C-picloram and its metabolites were detected by autoradiography.
The silica gel containing 14C was scraped from the plate dissolved by 95 % ethanol and determined by LSS.
Results and Discussion
Effect of 2,4-D and ammonium sulfate on picloram activity Picloram alone at concentrations of 25, 50 and 100 ppm and 2,4-D alone at 200 and 400 ppm did not provide complete control of the plants by 30 pays after application (Table 1) . Picloram alone at 25 ppm even increased E. adenophorum dry weigth. It appeared that the plants were more tolerant to 2,4-D than to treatment with 200 ppm of picloram; this dosage killed them by 30 days after application. Combined application with 200 or 400 ppm of 2,4-D increased injury by picloram and even when a low rate of picloram was applied e. g. , 25 ppm the combination the two herbicides provided complete plant kill. Synergism of picloram and 2,4-D in E. adenophorum was similar to the synergism of the two herbicides found in other weeds1,4) Low rate of both herbicides together had a similar effect on plants: shoot curvature was apparent, galls developed on stems, and roots were not formed. At higher rate, the shoot curvature was followed by chlorosis, necrosis, defoliation, and complete death of the plant.
Split application applying picloram prior to 2,4-D or 2,4-D in advance of picloram with elapsed time between the two of 1, 3, 6, or 12 days resulted in complete kill of the plants 40 days after the first application, as did the tank-mixed application of the two herbicides together (Table 2) . Neither herbicide applied alone, however, killed the plants. In this experiments one day was the shortest time between the split applications, and this seemed sufficient for the two herbicides to persist and act effectively against the weeds.
Ammonium sulfate at 1.0% (w/v) enhanced picloram injury to E. adenophorum at 30 days after application ( Table 3 ). The injury symptoms were more remarkable than those seen when picloram was applied alone. The dry weight of plants was reduced when picloram was applied at 25 and 50 ppm in combination with 1% ammonium sulfate. However, dry weight was not greatly affected when the concentrations of picloram in combination with ammonium sulfate were as high as 100 or 200 ppm. Ammonium sulfate enhancement of picloram activity in guava (Psidium guajava L.) and strawberry guava (Psidium cattleianum SABINE.) has been reported10). Effect of 2, 4-D and ammonium sulfate on 14C-picloram absorption, translocation, and metabolism Combined application of 2,4-D+picloram did not increase 14C-picloram absorption by E. adenophorum except in the early stage (Table 4 ). In contrast, ammonium sulfate + picloram remarkably increased 14C-picloram absorption 3 to 6 fold during the absorption period. The mode of action of ammonium sulfate thus stimulated picloram activity by increasing the latter's absorption by the plants ; these results were similar to other reports10). Absorption of 14C-picloram by E. adenopho rum after application of picloram+2,4-D was not much different than when picloram alone was applied after 1, 5 and 10 days (Table 5). The enhancement of picloram activity by 2, 4-D in E. adenophorum does not appear to be based on absorption; the results obtained were similar to those of another report indicating that 2,4-D did not increase picloram absorption in field bindweed1). In E. adenophorum plants most radioactivity was found in the treated leaf at 1, 5 and 10 days after the application (Table  6) , 1) Visual control rating, 1=no control, 5=death.
2) DAA=days after application.
-45- Table 2 . Effect of picloram and 2,4-D at 25 and 200ppm (a.e.) respectively in tank mix and split application on 20 to 25cm high E. adenophorum grown from cuttings under greenhouse conditions. 1) Visual evaluation rating, 1=no control, 5=death.
2) DAA=days after application. 1) Visual evalution rating, 1=no control, 5=death. 2) ADD days after application. 
1) Picloram was applied at the concentration of 25ppm (a.e.).
2) Picloram and 2,4-D were applied as a tank-mix at concentrations of 25 and 200ppm (a.e.), respectively.
3) Picloram and ammonium sulfate were applied as a tank-mix at concentrations of 25ppm (a.e.) and 1% (w/v), respectively. 1) Calculated from amount of 14C-picloram applied on leaf and amount of isotope recoverd by 50% ethanol leaf wash. 2) Picloram was applied at concentration of 25ppm (a.e.). 3) Picloram and 2,4-D was applied at concentrations of 25 and 200ppm (a.e.), respectively.
-47-although picloram moved into other parts through both the phloem and xylem6). One day after the application radioactivity was found more in roots than in parts above and below the treated leaf; however, 5 and 10 days after the application parts above the treated leaf contained more radioactivity than the other two locations. This indicates that 14C-picloram moves apoplastically well. There was no difference between picloram+ 2,4-D and picloram alone in their affect on translocation of 14C-picloram. The metabolism study showed that more than 90% of the radioactivity found in the treated leaf could be identified as the parent compound picloram, and no other metabolites were detected even 10 days after the application.
2,4-D made no contribution to the degradation.
It is concluded that ammonium sulfate enhances the picloram herbicidal activity by increasing its absorption by E. adenophorum, but the enhancing mechanism of 2,4-D has yet to be clarified. In addition to the absorption, translocation and metabolism of picloram, the interaction of 2,4-D with picloram at the action sites in plants should be investigated.
Summary
Herbicidal activity of picloram (4-amino-3,5,6-tricloropicolinic acid) on sabmha Eupatorium adenophorum SPRENG. was found to increase with the addition of ammonium sulfate or 2,4-D [(2,4-diclorophenoxy) acetic acid] to the spray solution. Ammonium sulfate, especially, a notable synergistic effect with picloram on growth of E, adenophorum plants.
Ammonium sulfate increased absorption of the 14C-picloram into the plants 3 to 6 times more than picloram alone, while 2,4-D was not found to affect the absorption, translocation or metabolism of picloram in E, adenophorum.
It is concluded that ammonium sulfate enhances the picloram herbicidal activity by increasing the latter's absorption; the enhancing mechanism of 2,4-D remains to be clarified. The interaction of 2,4-D and picloram at the action site in plants should be studied.
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